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Abstract 
The vast Indonesia's forests area and remote mining locations make it difficult for the implementation of terrestrial monitoring. 
The objective of the research was to develop relatively high accuracy and low cost remote sensing method for gold mining area 
monitoring in forest area. Landsat satellite images were chosen since Landsat is a continuous program and currently provide free 
source of images. A pan-sharpening method for enhancing satellite imagery is proposed as an important step for developing a 
relatively high accuracy and low cost approach for image-based analysis of mining areas. Eight different pan-sharpening methods 
were evaluated including: PCA, IHS, PCA, Multiplicative, Wavelet, Brovey, Ehlers, Gram-Schmidt and ESRI. The visual 
evaluations followed by a quantitative examination were performed. Visual evaluation shows two algorithms outperform all the 
others which were Modified IHS and Principal Component. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Forest area is the place for a variety of natural resources such as geological and biological resources. Exploitation 
and utilization of natural resources in forest area can interfere with forest sustainability. The disturbance to the forest 
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area such as gold mining varies in the degree to which it can be detected by remote sensing. Spatial information on 
small scale gold mining activities and its impact to the forest is still scarce. The research objective was to develop 
practical remote sensing method for mining activity monitoring in forest area especially in identifying gold mining 
areas and provide necessary spatial information related to mining activities which are important for forest area 
management. 
The study area was Gunung Pani Forest area situated in Pohuwato District, Gorontalo Province, Northern part of 
Celebes Island. Gunung Pani Forest is a tropical rainforest growing on hilly terrain where precious metals contained 
in it. Some part of the forest area have degraded due to uncontrolled exploitation of natural resources contained there 
as shown in Fig. 1. 
 
 
Fig. 1. Artisanal gold mining area on hilly terrain of Gunung Pani Forest area. 
The artisanal mining activities in the forest area have been reported for years but the spatial information is rare. 
The spatial distribution and the extent of the artisanal gold mining areas were unknown. There was a lack of spatial 
information about the mining activities inside forest area. Indonesia Ministry of Forestry maps the forest (land) cover 
derived from satellite image interpretation in regular basis. The old and recent land cover map did not indicate the 
occurrence of mining areas in the study area. The latest version of forest (land) cover map available was 2014 map 
version. The failure of identifying the mining area probably is due to inadequate spatial resolution of the satellite 
imagery used which is 30 meter resolution of previous multispectral Landsat TM and Landsat ETM+. The 
interpretation method and strategy to produce the map probably also contribute to the failure. 
Recent remote sensing data combined with proper methods could potentially be developed and implemented to 
provide spatial information of artisanal gold mining activities in the forest area. The information derived from time 
series data can describe the development of mining area in the forest area and hopefully can explain their influence 
on forest cover change over time. A practical remote sensing-based monitoring method that can be applied to 
continuous remote sensing data needs to be developed. 
Landsat imagery were chosen since Landsat is a continuous and free remote sensing program which enables a 
sustainable and practical monitoring of natural resources. Using Landsat imagery for continuous monitoring of 
mining activities in forest area faces some obstacles such as inadequate spatial resolution, the shadows due to hilly 
forest area and of course the present of cloud cover. This paper deals with the evaluation of image fusion method 
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also known as pan-sharpening in order to solve the spatial resolution limitation of medium resolution satellite 
imagery. Several researches related to pan-sharpening evaluation have been done but none of them was dedicated to 
specific application such as gold mining area monitoring in forest area. 
2. Data and Method 
A set of recent Landsat 8 images covering the study area was collected. The study area covered WRS-2 path 113 
and row 060 of Landsat scene. The clearest image recorded in February 2014 was used for the research since the 
gound check data were also collected in 2014.  
Table 1. Comparison of Landsat-7 ETM and Landsat-8 OLI and TIRS band specifications.  
 
 
Landsat 8 carries a two-sensor payload: the Operational Land Imager (OLI) and the Thermal Infrared Sensor 
(TIRS). The current Landsat OLI sensor collects image data for nine shortwave spectral bands with a 30 m spatial 
resolution for all bands except the 15 m panchromatic band. Landsat-8 OLI sensor and the Previous Landsat-7 ETM 
sensor record at panchromatic and multispectral images but they use slightly different band specification. The 
panchromatic Band of Landsat-7 using 0.515 – 0.896 μm of wavelength while Landsat 8 use narrower spectrum 
which is 0.503 - 0.676 μm. According to USGS [1] this bandwidth refinements was made to avoid atmospheric 
absorption features (enabled by the higher signal-to noise ratio inherent in push-broom architecture). Landsat 8 
record images in eleven bands in total, including nine shortwave spectral bands and two Thermal Infrared bands 
(TIR-1 and TIR-2). Table 1 shows the wavelength specification of Landsat 7 ETM+ bands and Landsat 8 OLI and 
TIRS bands. 
In order to increase the interpretability of multispectral medium resolution Landsat images the 30 meter 
resolution of multispectral Landsat images were pan-sharpened. Pan-sharpening is a method to increase lower 
spatial resolution of a multispectral Landsat imagery based on a higher resolution of panchromatic imagery. Pan-
sharpening has some equivalent terms such as resolution merge, image integration, and multisensor data fusion. 
“Pan-sharpening combines a low-resolution color multispectral image with a high-resolution grayscale 
panchromatic image to create a high-resolution fused color image” [2]. Various methods of incorporation of 
multispectral and panchromatic imagery has been developed, all based on the image algebra-based methods, which 
require spatial co-registration on all input image [3]. 







(a) Pseudo natural colour composite of bands 654 (b) Panchromatic colour spectrum of band 8 
Fig. 2. Original Landsat-8 OLI images of study area (a) Multispectral image in 30m spatial resolution (b) Panchromatic image in 15m spatial 
resolution. 
Pan-sharpening fuses a high-resolution panchromatic raster dataset with a lower-resolution multiband raster 
dataset to create red-green-blue (RGB) images with the resolution of the panchromatic image. Eight types of pan-
sharpening method were performed. 
x Principal Component Resolution Merge (PC);  
x Brovey Transform Resolution Merge (Brovey);  
x Multiplicative Method (Multi) ; 
x Modified IHS Resolution Merge (M IHS); 
x Wavelet Resolution Merge (Wavelet);  
x Ehlers Fusion (Ehlers); 
x Gram Schmidt (Gram S); and  
x ESRI (Esri) 
The pan-sharpened Landsat images derived from the eight types of pan-sharpening method were explored and 
evaluated both visually and quantitatively. The evaluation was performed in order to choose the best imagery or to 
select the most suitable pan-sharpened imagery for related mining area interpretation. The visual evaluation criteria 
were developed based on the interviews with selected respondents which are relevant to the research objective. The 
interview aimed to explore the spatial information needed by the authorities in order to monitor the mining activities 
in the forest areas. The interview was reported in different papers. The image quality examination was carried out by 
giving a score against the criteria that had been developed. The criteria were:  
x The ability to distinguish related mining objects with another open land  
x The ability to identify small mining areas 
x The ability to identify mining related infrastructure 
x The ability to distinguish the forest and non-forest cover 
x The ability to distinguish the type of vegetation / land cover type 
x The ability to identify and differentiate between water body and land 
 
Each criterion was given three levels of assessment: poor, good and very good; each with a numeric value (score) 
of 1, 2 and 3. The sum of the score represented the image quality of the pan sharpened imagery. Higher score was 
considers to be better pan sharpened image quality and vice versa. In order to avoid bias in the visual analysis, all 
the images before and after pan-sharpening were displayed under the same visualization conditions which are: (1) 
the image was displayed in the same color composite (RGB 654), at the same scale, at the same contrast stretching; 
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and (2) The evaluation or comparison the images before and after pan-sharpening images were performed by the 
writer. The evaluations were done repeatedly until the evaluation resulted in consistent score.  
Evaluating the pansharpened images quality quantitatively was done by comparing simulated landcover map. The 
original of Landsat 8 OLI image and the fused (pan-sharpened) images were classified by means of unsupervised 
multispectral classification. The class (cluster) number was set into ten (10), equal to the number of landcover class 
that could be identified from the existing landcover map of the study area. The landcover types were: dense forest 
(virgin forest), open forest (degraded forest), shrub (forest regrowth), bush and grass, corn field, settlement (built up 
area), palm plantations (coconut), water (river), and mining area. In the existing landcover map derived from 
interpretation of Landsat images, the mining area was not identified; the area was identified as bare land. 
The unsupervised classification was performed by means of ISODATA algorithm. The ISODATA clustering 
method used the minimum spectral distance formula to form clusters. It began with either arbitrary cluster means or 
means of an existing signature set, and each time the clustering repeated, the means of these clusters were shifted. 
The new cluster means were used for the next iteration. The classified of the original image and the fused images 
derived from eight methods were compared. The examination was performed by comparing the area proportion of 
each class. 
3. Result and Discussion 
3.1. Visual evaluation 
A general visual examination of pan-sharpened image shows that eight fused Landsat images had different 
appearances. Each fused image had its own characteristic: some showed an increase in their interpretability; some of 
them decreased. Mining area can be identified easily in some pan-sharpened images. Linear features such as road 
network and river were also shown in 15 meter resolution of pan-sharpened image but were not shown in 30 meter 
spatial resolution of the original multispectral Landsat images. 
Although it had the advantage of spatial image quality, spectral quality of pan-sharpened images decreased. The 
spectral quality of pan-sharpened images degraded or distorted spectrally because of pan-sharpening process. The 
spectral distortion of pan-sharpened image can be seen as there was change in color, contrast degradation and some 
effects appeared. The spectral degradation reduced the image capability such as the capability to distinguish 
different forest cover types and the capability to differentiate between land and water features in some pan-
sharpened images. Some of the pan-sharpened images were still able to distinguish forest cover type. Fig. 3 shows 
that the Modified IHS pan-sharpened images are capable of identifying small mining area and distinguishing forest 
cover type such as dense forest (primary forest), open forest (degraded forest), and shrub. 
The visual evaluation of pan-sharpened images were carried out by giving a score against the criteria that had 
been described. Each criterion was given three levels of examination: poor, good and very good; each level was 
given numeric value of 1 (poor), 2 (good) and 3 (very good). Table 1 shows the visual evaluation result. 
The visual evaluation of Landsat 8 OLI pan-sharpened images shows that different pan-sharpening methods 
produce different result. The best pan-sharpened method based on visual evaluation was achieved by the Modified 
IHS method with the score of 15. Good result were achieved by Principal Component method with the score of 14, 
Brovey transformation method with the score of 13, and Gram Schmidt method with the score of 13. 
The evaluation was dedicated to find the best image quality to derive information related to gold mining 
monitoring in forest area. The score achieved based on the visual evaluation of pan-sharpened image indicates the 
image quality that is suitable for visual interpretation especially for gold mining interpretation in forest area. The 
higher score, the better image quality for such purpose. Therefore the Modified IHS method was recommended to be 
used to monitor mining activities in forest area by means of visual image interpretation method. Other pan-
sharpening method with higher score such as Principal Component, Brovey, and Gram Schmidt method can also be 
considered since the methods have some specific advantages. 
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Fig. 3. The Modified IHS pan-sharpened Landsat 8 OLI image can identify artisanal gold mining area (large and small) and differentiate forest 
cover types. 
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Fig. 4. The visual comparison pan-sharpened Landsat 8 images derived from different methods. 
236   Heri Sunuprapto et al. /  Procedia Environmental Sciences  33 ( 2016 )  230 – 238 
Table 2. The score of visual evaluation of pan-sharpened Landsat 8 images derived from different methods. 
No. Methods 
Visual Evaluation Scores 
a. b. c. d. e. f. Sum 
1 Principal Component Resolution Merge 2 2 2 3 2 3 14 
2 Brovey Transform Resolution Merge 2 2 3 2 1 3 13 
3 Multiplicative 1 2 2 1 1 2 9 
4 Modified IHS Resolution Merge 2 2 3 2 3 3 15 
5 Mavelet Resolution Merge 1 1 1 2 2 2 9 
6 Ehlers Fusion 2 2 2 1 1 2 10 
7 Gram-Schmidt Spectral Sharpening 2 2 3 2 2 2 13 
8 ESRI Pan-sharpening 2 1 1 2 3 2 11 
3.2. Quantitative examination 
The unsupervised multispectral classification was performed to the original multispectral image of Landsat 8 OLI 
and to the fused (pan-sharpened) images. The classes (clusters) were set into ten (10) classes representing the 
number of landcover type occuring in the study area. The unsupervised classification was performed by means of 
ISODATA algorithm. The result of the unsupervised classification of the fused images was compared to the 
classification result of the original image. The percentages of similarities calculation were done by comparing the 
area proportion of the original classified image and pan-sharpened classified images derived from eight methods. An 
evaluation was performed by comparing the percentages of similarities between the original and fused images. The 
percentages of similarities were considered as agreement. 
Table 3. Percentages of similarities comparison between pan-sharpened classified images derived from eight methods. 
Classes 
Pan-sharpening methods 
PCA Brovey Multi M IHS Mavelet  Ehlers Gram S ESRI  
1 0.77% 2.05% 1.94% 0.04% 3.54% 0.25% 0.04% 0.43% 
2 6.12% 7.67% 6.26% 1.10% 6.46% 1.50% 1.57% 0.91% 
3 2.79% 2.64% 1.20% 1.14% 3.15% 0.16% 0.34% 0.26% 
4 5.20% 15.13% 12.36% 1.06% 3.35% 2.17% 2.77% 0.95% 
5 1.55% 14.76% 10.90% 2.00% 5.36% 0.64% 1.91% 0.42% 
6 10.39% 2.39% 2.26% 1.11% 2.20% 1.41% 2.54% 0.06% 
7 4.74% 2.86% 2.01% 2.13% 1.05% 0.69% 0.63% 0.09% 
8 6.19% 7.34% 8.08% 3.62% 1.94% 0.43% 2.68% 0.34% 
9 0.85% 2.79% 2.64% 3.14% 0.12% 1.08% 0.39% 0.39% 
10 2.08% 2.16% 1.27% 0.30% 0.22% 0.23% 1.98% 0.08% 
Differences 40.68% 59.79% 48.93% 15.64% 27.38% 8.56% 14.85% 3.92% 
Similarities 59.32% 40.21% 51.07% 84.36% 72.62% 91.44% 85.15% 96.08% 
 
The evaluation by comparing the area of the classified images finds that the mean of the area was almost the 
same but the standard deviations varied. The lowest standard deviation value was shown by the Modified IHS 
method and the highest was shown by the PCA method. The original classified image had standard deviation value 
of 870.77. The standard deviation comparison shows that the closest value achieved by the Gram Schimdt method, 
followed by Ehlers and Wavelet. The statistics comparison is shown in Table 4. 
The calculation of percentages of similarities were tried to assess the agreement between the original image and 
pan-sharpened images in order to determine which pan-sharpening method preserves spectral pattern of the original 
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image the most. The percentages of similarities value indicate the similarity between digital value clustering pattern 
in the fused image and the digital value clustering pattern of the original multispectral image. The higher value, the 
more similar between the images. Table 3 shows that the highest percentage of similarities was reached by ESRI 
pan-sharpening method followed by Ehlers, Gramm-Schmidt and Modified IHS method. ESRI pan-sharpening 
method best preserved the spectral pattern represented on digital value of the original multispectral Landsat 8 OLI 
image. Therefore the image produced from ESRI pan-sharpening method is recommended to be used as an input for 
multispectral classification especially for artisanal gold mining purposes. 
Table 4. The area statistics of classified image 
Statistics 
  Pan-sharpening Methods 
Original PCA Brovey Multi M IHS Mavelet  Ehlers Gram S ESRI  
Count 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 
Total 16,109.3 16,071.1 16,071.1 16,071.1 16,071.1 16,071.1 16,071.1 1,607.1 16,071.1 
Min 0.0 0.0 17.8 0.0 0.0 0.0 0.0 0.0 0.0 
Max 2,542.5 5,731.8 4,903.5 4,288.1 2,600.2 2,767.1 2,639.3 2,843.8 2,603.7 
Mean 1,464.5 1,461.0 1,461.0 1,461.0 1,461.0 1,461.0 1,461.0 1,461.0 1,461.0 
Sttdev 870.8 2,076.4 1,758.6 1,560.9 823.1 853.7 887.4 886.2 907.3 
3.3. Discussion 
The quality evaluation of pan-sharpened images by means of visual evaluation and quantitative comparison 
shows different results. The visual evaluation concludes that the Modified IHS as the best method while the 
quantitative comparison shows that the ESRI method is the best one. The differencs in the results can be explained 
as follows. The two evaluation techniques have their own logic and objectives; the visual evaluation was applied to 
find the most interpretable image among the pan-sharpened images, while the quantitative evaluation technique was 
used to find the most similar pan-sharpened images compared to the original image.  
Many researches related to pan-sharpening methods were reported by several researchers: Saroglu et al. [4], 
Alparone et al. [5], Rahmani et al. [6], Zhang and Mishra [7], Witharana et al. [8]. Some of the researches deal with 
quality assessment or evaluation of several pan-sharpening methods. However, discrepant pan-sharpening results 
have been reported by different papers using different fusion techniques and images.  
Rahmani et al. [6] in their conclusion state that the IHS pan-sharpening method gives good spatial quality and is a 
commonly used algorithm for its speed and simplicity. To improve its quality, they propose a new technique, the 
adaptive IHS method. According to their research, the performance evaluation metrics confirmed the competence of 
the adaptive IHS method. 
Zhang and Mishra [7] conclude that PCI PanSharp constantly produces the best fusion quality for all types of 
sensors, images and spectral bands; while ENVI Gram-Schmidt produces high quality fusion results for most 
images, but poor fusion results for some images, especially WorldView-2 images.  
Witharana et al. [8] conduct a very complete quantitative evaluation of fused images. Based on the research they 
conclude that Ehlers, Wavelet (WV), and high-pass filter (HPF) methods have the best scores for the majority of 
spectral quality indices. The University of New Brunswick (UNB) fusion algorithm and Gram-Schmidt algorithms 
had the best scores for spatial metrics. HPF emerges as the overall best performing fusion algorithm. 
All of the researches mentioned above come into different conclusions probably due to the use of different input 
images and different evaluation or examination techniques. The previous image quality evaluation techniques 
mainly use quality indices as mentioned by Du et al. [9] including MSE and RMSE, SAM (ș), Correlation 
Coefficient (ȡ), Relative Dimensionless Global Error in Synthesis (ERGAS), Quaternions Theory Based Quality 
Index (Q4). The quality indices method was not used in this research because they cannot answer a specific 
application question such as which method is suitable to identify the mining area. The selection of a pan-sharpening 
method for specific application should consider the image input and the evaluation/examination techniques to be 
used. The researches mentioned above are not dedicated to a specific application. 
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Choosing a suitable pan-sharpening method while considering the input image and the evaluation technique is 
important for the success of implementation of the research for specific purposes. This paper was part of a 
compound researches dedicated to find a suitable practical method for better gold mining area monitoring in forest 
area. The research design including the image selection, strategy, methods, and suitable evaluation techniques. 
4. Conclusion 
Eight (8) different pan-sharpening methods: PCA, IHS, PCA, Multiplicative, Wavelet, Brovey, Ehlers, Gram 
Schmidt and ESRI applied to Landsat 8 OLI images result in different image qualities. The evaluation of the 
methods were performed to assess their capability to detect and identify gold mining activities and related objects in 
forest area. Visual examination and quantitative evaluation were conducted in order to find the best method.  
Visual examination of eight (8) pan-sharpening methods applied to the Landsat 8 OLI images found that the best 
pan-sharpening method was achieved by the Modified IHS. Modified IHS pan-sharpening method was the best 
method that can provide necessary spatial information of mining activities in the forest area by mean of visual 
interpretation.  
The quantitative evaluations were performed by comparing the unsupervised classified original Landsat image 
and eight unsupervised classified pan-sharpened images. The evaluation find that the ESRI method produced the 
most similar classified image compared to the classified original image. ESRI pan-sharpening method is the best 
method deriving pan-sharpened image similar to the original image. The pan-sharpened image derived from the 
method is suitable for multispectral image classification when the result is expected to be similar to the original.  
The chosen method can be implemented to monitor other forest area when artisanal gold mining occurs. The 
method can also be implemented to other images of different acquisition dates or a time series images. Long-term 
Landsat Satellite program which produces medium resolution of multispectral images combined with proper method 
offers an opportunity for a continuous monitoring of gold mining and other mining activities in Indonesia’s large 
forest area. 
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